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The maximum value of the climatological diurnal cycle of boundary layer height (PBLH) at each of the wind 
profiler locations, plotted over the Ri-based PBLH from GEOS.   (left) GEOS with SHOC / EDMF,  (right) GEOS 
with Lock / Louis.
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Introduction
We consider an alternative boundary layer scheme for the Goddard Earth Observing 
System (GEOS) AGCM.  GEOS currently uses Louis (1982) in stable layers, and a K-
profile scheme based on Lock et al. (2000) for unstable layers. In this study, these are 
replaced with the TKE-based Simplified Higher Order Closure (SHOC; Bogenschutz and 
Krueger, 2009), combining a 1.5-order turbulence closure with a double-Gaussian PDF 
serving as a sub-grid condensation scheme. The GEOS implementation includes an 
explicit entrainment closure (Nicholls and Turton, 1986) and a parameterization of 
SGS TKE transport (Bretherton et al., 2009). This is combined with the multiple plume 
model of Suselj et al. (2013) in an Eddy Diffusivity Mass Flux (EDMF) configuration.
Here we evaluate the PBL diurnal cycle over land, using PBL heights derived from wind 
profilers in the NOAA Profiler Network (NPN) at 32 sites throughout the central 
United States.  
Boundary layer height vs. wind profilers and MERRA-2
Climatological Daily Maximum PBLH
Physical processes
Global climatological biases
Summary
• A new PBL scheme based on SHOC and EDMF has been 
implemented in the NASA GEOS model.
• Evaluated against wind profiler data, the scheme
reproduces well the diurnal cycle of summer PBL 
heights over the central US.
• Climatological PBL temperature biases are comparable 
or smaller than in the current model, but issues remain 
in stratocumulus regions.
We compare PBL heights from free-running GEOS with profilers and MERRA-2 over the June-August
seasons of 2000-2005. We use only clear days, defined as daily mean cloud cover less than 5%.
PBL heights are derived from wind profiler returns following Molod et al. (2015). At the eight sites
numbered below we also estimate Richardson number-based PBL heights, using temperature profiles
from on-site radio acoustic sounding system (RASS) instruments.
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At right, diurnally composited 
profiles of diffusivity, KH, at 
wind profiler location 4.  
SHOC produces less mixing in 
the nocturnal layer, and more 
in the residual layer above.  
Contours of updraft mass flux 
are overlaid, with interval 0.02 
kg m-2 s-1.
Below, profiles of TKE budget 
terms, Buoyancy, Shear and 
Transport.  [m2s-1]
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Climatological JJA temperature bias at 925 hPa (relative to MERRA-2) is 
somewhat smaller than with GEOS’ current Lock / Louis scheme.
T925 bias – Lock+Louis
However, the new scheme worsens the TOA shortwave bias (relative to 
CERES-EBAF), with significantly underestimated stratocumulus cloud fraction.
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